We study the single and double lepton polarization asymmetries in the semileptonic B meson decays B → K 1 (1270)ℓ + ℓ − ℓ ≡ e, µ, τ ), where the strange P -wave meson, K 1 (1270), is the mixtures of the K 1A and K 1B , which are the 1 3 P 1 and 1 1 P 1 states, respectively. The lepton polarization asymmetries show relatively strong dependency in the various region of dileptonic invariant mass. The lepton polarization asymmetries can also be used for determining the K 1 (1270)-K 1 (1400) mixing angle, θ K 1 and new physics effects. Furthermore, it is shown that these asymmetries in B → K 1 (1270)ℓ + ℓ − decay compared with those of B → K * ℓ + ℓ − decay are more sensitive to the dileptonic invariant mass. *
Introduction
The rare flavor-changing neutral-current(FCNC) processes are used to test the predictions of Standard Model(SM) at loop level and for searching new-physics(NP). In this regard, b → s(d) and µ → e transitions have been studied to check predictions of SM at loop level and to look at the NP via their indirect effects where the direct productions are not accessible at present collider experiments. Semileptonic and radiative B decays involving a vector or axial vector meson have been observed by BABAR, BELLE and CLEO. For B → K ⋆ ℓ + ℓ − decays, the forward-backward asymmetry has been measured by BABAR [1] and BELLE [2] . Recently, BABAR [3, 4, 5] has reported the measurements for the longitudinal polarization fraction and forward-backward asymmetry (FBA) of B → K * (892)ℓ + ℓ − , and for the isospin asymmetry of B 0 → K * 0 (892)ℓ + ℓ − and B ± → K * ± (892)ℓ + ℓ − channels. The data may challenge the sings of Wilson coefficients, for instance, C ef f 7 . In order to extract the magnitudes and arguments of the effective Wilson coefficients, one may measure various observables in various inclusive and exclusive rare processes. In this regrad, the studies of asymmetries, which are less sensitive to the hadronic uncertainties than the branching ratio, are favored. The studies of inclusive and exclusive rare processes as well as various asymmetries should be considerably improved at LHCb. The radiative B decay involving the K 1 (1270), the orbitally excited (P -wave) state, is recently observed by Belle and other radiative and semileptonic decay modes involving K 1 (1270) and K 1 (1400) are hopefully expected to be observed soon. Some studies for B → K 1 ℓ + ℓ − involving formfactors, branching ratio and forward-backward(FB) asymmetries of semileptonic decay modes have been made recently [6, 7, 8, 9] . In present work, we study the single and double lepton polarization asymmetries in the B → K 1 (1270)ℓ + ℓ − decays. These studies are complimentary to the studies of branching ratio and FB asymmetries. Note that, just like B → K * (892)ℓ + ℓ − decays [10, 11, 12, 13, 14, 15, 16, 17, 18, 19] , B → K 1 ℓ + ℓ − decays can be studied for the NP effects, however, these are much more sophisticated due to the mixing of the K 1A and K 1B , which are the 1 3 P 1 and 1 1 P 1 states, respectively. The physical K 1 mesons are K 1 (1270) and K 1 (1400), described by [9] 
The mixing angle θ K 1 was estimated to be |θ
• in Ref. [22] , and θ K 1 = −(34 ± 13)
• in [9, 23] . In this study we will use the results of Ref. [9, 23] for numerical calculations.
The paper includes 5 sections: In section 2, we recall the effective Hamiltonian for B → K 1 (1270)ℓ + ℓ − decays. In section 3 we recall the calculations of effective Hamiltonian. In section 4, single and double lepton polarization asymmetries are derived, respectively. In section 5, we examine the sensitivity of these physical observable to the invariant dileptonic mass and our conclusion. (4) and the function g(x, y) defined in [25] . Here,c 1 -c 6 are the Wilson coefficients in the leading logarithmic approximation. The relevant Wilson coefficients are given in Refs. [10] . [26, 33, 34] , where V (cc) are the vector charmonium states. We follow Refs. [26, 33] and set
tot /m B and κ V takes different value for different exclusive semileptonic decay. This phenomenological parameters κ V can be fixed for B → K * ℓ + ℓ − decay by equating the naive factorization estimate of the B → K * V rate and the experimental measured results [10] . Except for the branching ratio of B → J/ΨK 1 (1270) [24] , there is no experimental results on B → K 1 V (cc). Thus, we will use the results of B → K * V to estimate the values of κ V . We assume that the effect of substituting K * with K 1 is identical in the radiative and in the non leptonic decay, in other words that each form factor for the B → K 1 transition is given by the corresponding form factor for B → K * multiplied by the same factor y, which is define as follows [35] :
once the change of parity between the two strange mesons is taken into account. We predict that
. Using the above equation and the results for κ V obtained for B → K * transition [10] . We find κ V = 1.75 for J/Ψ(1S) and κ V = 2.43 for Ψ(2S), respectively. The relevant properties of vector charmonium states are summarized in Table 1 . Table 1 : Masses, total decay widths and branching fractions of dilepton decays of vector charmonium states [24] . for ℓ = e
The matrix element for the exclusive decay can be obtain by sandwiching Eq. (2) between initial hadron state B(p B ) and final hadron state K 1 in terms of formfactors.
The
formfactors are defined as (see [9] )
where
In order to ensure finiteness at q 2 = 0, it is required
The formfactors of B → K 1 (1270) and B → K 1 (1400) can be expressed in terms of B → K A and B → K B as follows(see [9] ):
using the mixing matrix M being given in Eq. (1) the formfactors
1,2,3 can be written as follows:
(m
where it is supposed that p
. These formfactors within lightcone sum rule (LCSR) are estimated in [36] . The momentum dependence of all formfactors is parameterized as:
The values of F (0), a and b parameters are exhibited in Table 2 . Thus, the matrix element for B → K 1 ℓ + ℓ − in terms of formfactos is given by
where [36] are fitted to the 3-parameter form in Eq. (20) . −0.11 ± 0.02 −1.61 10.2
The differential decay spectrum can be obtained from the decay amplitude
Lepton polarization asymmetries
In order to calculate the polarization asymmetries of the leptons, we must first define the orthogonal vectors S in the rest frame of ℓ − and W in the rest frame of ℓ + (where these vectors are the polarization vectors of the leptons). Note that, we will use the subscripts L, N and T to correspond to the leptons which are polarized along with the longitudinal, normal and transverse polarization of leptons, respectively. [34, 37] .
where p + , p − and p K 1 are the three momenta of the ℓ + , ℓ − and K 1 particles, respectively. On boosting the vectors defined by Eqs. (33, 34) to the CM frame of the ℓ − ℓ + system only the longitudinal vector will be boosted, while the other two remain the same. The longitudinal vectors in the CM frame of the ℓ − ℓ + system become;
The polarization asymmetries can now be calculated using the spin projector 1 2
(1 + γ 5 S) for ℓ − and the spin projector (1 + γ 5 W ) for ℓ + . The single and double-lepton polarization asymmetries P ij are defined, respectively, as [37] 
and Equipped with these definitions, we evaluate the single and double lepton polarization asymmetries and obtain the following results: 1.272 (GeV) [24] 
We present the dependence of the differential single and double lepton polarization for the B → K 1 (1272)ℓ + ℓ − , where ℓ = µ, τ decay on q 2 as well as its dependence on q 2 due to short distance effects (κ V = 0 case). The phenomenological factors κ V for the B → K(K * )ℓ + ℓ − decay can be determined from matching the experimental and theoretical results where they supposed to reproduce correct branching ratio relation
where the right-hand side is determined from experiments. Using the experimental values of the branching ratios for the B → V i K(K * ) and V i → ℓ + ℓ − decays, for the lowest two J/ψ and ψ ′ resonances, the factor κ V takes the values: κ V = 2.7, κ V = 3.51 (for K meson), and κ V = 1.65, κ V = 2.36 (for K * meson). The values of κ V used for higher resonances are usually the average of the values obtained for the J/ψ and ψ ′ resonances. Using Eq. (7) and the results for κ V obtained for B → K * transition [10] . We find κ V = 1.75 for J/Ψ(1S) and κ V = 2.43 for Ψ(2S), respectively.
It is also experimentally useful to consider the averaged values of these asymmetries. Therefore, we shall calculate the averaged values of the polarization asymmetries using the averaging procedure defined as;
, where B is the branching ratio. The results for averaged value of single and double lepton polarization asymmetries are presented in table 4. Some of these asymmetries in B → K 1 (1270)ℓ + ℓ − decay(i,e., P LL , P N N and P T T ) are larger than corresponding asymmetries in B → K * ℓ + ℓ − decay presented in Ref. [39] . Figs. (1) - (14) show dependence on q 2 when considering the theoretical uncertainties among the formfactors. Note that, P N , P N L , P LN , P N T and P T N for µ and τ channels are negligible for all values of q 2 . Hence, we do not present their predictions in the figures. From these figures, we deduce the following results:
• P L is plotted in Figs. (1) and (2) for muon and tau, respectively. It is decreasing for both of muon and and tau channels. Also, its magnitude is much larger for muon channel than tau one. Moreover, there is rather weak dependency on the theoretical uncertainties among the formfactors for tau channel.
• While P T is decreasing for q 2 ≤ 1.2GeV 2 region it is increasing for q 2 ≥ 1.2GeV 2 region for muon channel(see fig. (3) ). Its local minimum at the point q 2 ≤ 1.2GeV 2 is about −0.15. P T is increasing in terms of q 2 for tau channel(see fig. (4) ). Also, P T vanishes at the end of kinematical region for both muon and tau channels.
• P LL takes both negative and positive values depending on q 2 . Its zero position occurs at q 2 ≃ 5GeV 2 . The measurement of the sign of P LL at q 2 ≤ 8GeV 2 , which is the nonresonance region, can be used as a good tool to either check the SM prediction or to search for new physics. P LL is quasi uniformly decreasing function of q 2 for tau channel.(see figs. (5) and (6)). Moreover, there is rather weak dependency on the theoretical uncertainties among the formfactors for tau channel.
• P LT is decreasing for q 2 ≤ 0.8(14.5)GeV 2 region but increasing for q 2 ≥ 0.8(14.5)GeV 2 region for muon(tau) channel (see figs. (7) and (8)). Its local minimum at the point q 2 ≤ 0.8(14.5)GeV 2 is about −0.2(0.22) for muon(tau) channel, respectively. Also, P LT vanishes at the end of kinematical region for both muon and tau channels. Moreover, there is rather weak dependency on the theoretical uncertainties among the formfactors for tau channel(see fig. (8) ).
• P N N and P T T without resonance contributions are negligible at q 2 ≥ 8GeV 2 region for muon channel(see figs. (9) and (11)). P T T takes much larger values in the high q 2 region than the low q 2 region for tau channel (see fig. (12) ).
• P T L is decreasing for q 2 ≤ 0.6GeV 2 region but increasing for q 2 ≥ 0.6)GeV 2 region for muon channel, (see fig. (13) ). Its local minimum at the point q 2 ≤ 0.6GeV 2 is about −0.25. P T L is negligible for all values of q 2 for tau lepton (see fig. (14) ). Also, P LT vanishes at the end of kinematical region for both muon and tau channels.
Finally, the quantitative estimation about the accessibility to measure the various physical observables are in order. An observation of a 3σ signal for asymmetry of the order of the 1% requires about ∼ 10 12B B pairs. The number of bb pairs that are produced at B-factories and LHC are about ∼ 5 × 10 8 and 10 12 , respectively. As a result, q 2 dependence of the polarization asymmetries shown by figs. (1)-(13) as well as averaged values of the same asymmetries presented in table 4 can be detectable at LHC. Note that, the ratio of physical observables (for instance, CP , foreward-backward and single or double lepton polarization asymmetries) less suffers from the uncertainty among the formfactors where large parts of the uncertainties partially cancel out.
In conclusion, the single and double lepton polarization asymmetries for exclusive dilepton rare B decays of B → K 1 (1272)ℓ + ℓ − are studied. We have shown that while some components of lepton polarizations are almost zero, some other components are sizable to be measured at the future experiments. Moreover, we show that some of these asymmetries Table 4 : Averaged values of single and double lepton polarizations in B → K 1 (1270)ℓ + ℓ − decay(i,e., P LL , P N N and P T T ) are larger than corresponding asymmetries in B → K * ℓ + ℓ − decay. The study of the magnitude and the size of these physical observables can be used either to probe the predictions of SM or to search for new physics effects.
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